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14. Construction and Materials 

A. Construction 

Specifications shall be in keeping with the proceeding standards and shall describe the 
requirements for proper installation of the project to achieve its intended purpose. 

B. Materials 

Materials acceptable for use as channel lining are: 

(1) Grass 

(2) Revetment riprap 

(3) Concrete 

(4) Hand-laid riprap 

(5) Precast cement concrete riprap 

(6) Grouted riprap 

(7) Gabions 

Other lining materials may be used with prior approval of the City. Materials shall comply with 
the latest edition of the Texas Department of Transportation "Texas Standard Specificationsn. 

15. Storm Water Detention 

The following shall govern the design of any improvement with respect to the detention of storm 
water runoff. 

A. Acceptable Detention Methods 

The increased storm water runoff (peak rate) resulting from a proposed development should be 
detained on-site by the provisions of appropriate wet or dry bottom reservoirs, by storage on flat 
roofs, parking lots, streets, lawns or other acceptable techniques. Measures which retard the 
rate of overland flow and the velocity in runoff channels shall also be used to control the runoff 
rate partially. Detention basins shall be sized to store excess flows from storms with a one 
hundred (100) year return period. Control devices shall limit the discharge to a rate no greater 
than that prescribed by this Ordinance (see Sections 1 SF and 15G). 

B. Time of Concentration 

All storm water management projects within the City of Eagle Pass must be done using the 
time-of-concentration methodology outlined in the SCS TR-55 manual. The TR-55 method 
examines the factors which affect time of concentration including surface roughness, channel 
shape and flow patterns along with watershed slope. Through the examination of sheet, 
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I shallow, concentrated and open channel flows, a more refined time of concentration may be 

. determined. The methodology represents the best attempt of a Federal Agency to standardize 
times of concentration procedures. 

C. Design Storm 

Design of storm water detention facilities shall be based on a return period of once in 100 
years. The storage volume and outflow rate shall be sufficient to handle storm water runoff 
from a critical duration storm, as defined in Sections 1 SF and 1 SG. Rainfall depth-duration
frequency relationships and intensity-duration-frequency relationships shall be those given in 
Tables Sand SA. 

D. Allowable Release Rate 

Design of storm water detention facilities shall be based on the allowable release rate of storm 
water originating from a proposed development and shall not exceed the amount specified in 
Section S - Storm Water Control Policy, and as described in Section 1 SF arid 1 SG. 

In the event the natural downstream channel or storm sewer system is inadequate to 
accommodate the release rate provided in Table SA, then the allowable release rate shall be 
reduced to that rate permitted by the capacity of the receiving downstream channel or storm 
sewer system and additional detention as determined by the City shall be required to store that 
portion of the runoff exceeding the capacity of the receiving sewers or waterways. The area will 
be considered an impact drainage area subject to the provisions of Section 18 of this 
Ordinance. 

If more than one detention basin is involved in the development of the area upstream of the 
limiting restriction, the allowable release rate from any one detention basin shall be in direct 
proportion to the ratio of its drainage area to the drainage area of the entire watershed 
upstream of the restriction. 
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E. Drainage System Overflow Design 

Drainage systems shall have adequate capacity to convey the storm water runoff from all 
upstream tributary areas through the development under consideration for a storm of 100 year 
design return period calculated on the basis of upstream land in its present state of 
development. An allowance, equivalent to the reduction in flow rate provided, shall be made for 
upstream detention when such upstream detention and release rate have previously been 
approved by the City and evidence of its construction can be shown. 

F. Determination of Storage Volume - Rational Method 

The Rational Method may be used to determine the 10-year return period pre-development 
release rate for sites of less than five (5) acres of commonly owned contiguous property where 
no depression storage exists. 

Step Procedure 

1. Determine total drainage area in acres "A". 

2. Determine composite runoff coefficient "Cu" based on existing land use (undeveloped). 

3. Determine time of concentration "Tc" in minutes based on existing conditions. 

4. Determine rainfall intensity "lu" in inches per hour, based on time of concentration and using 
Figure 1 or from date given in Table SA for the ten (10) year return period. 

5. Compute runoff based on existing land use (undeveloped), and ten (10) year return period: 
Ou= CuluA 

6. Determine composite runoff coefficient "Cd" based on developed conditions and a one 
hundred (100) year return period. 

7. Determine the one hundred (100) year return period rainfall intensity- "Id" for various storm 
duration's "tci" up through the time of concentration for the developed area using Table SA. 

8. Determine developed inflow rates "Qci" for various storm duration's "td" measured in hours. 

9. Compute a storage rate "Std" for various storm duration's "td" up through the time of 
concentration of the developed area. 
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10. Compute required storage volume "SR" in acre-feet for each storm duration "td"· This 
assumes a triangular hydrograph of duration (2td) hours with the peak flow of Std and td 
hours. 

11. Select the largest storage volume computed in step 10 for detention basin design. 

G. Determination of Storage Volume - Hydrographic Methods 

Methods other than the ratie,,c1al method for determining runoff and routing of storrr, water may 
be used to determine the storage volume required to control storm water runoff. The SCS TR-
20 computer model with the SCS TR-55 time of concentration and curve number calculation 
methodologies, may be used to determine the 10-year return period pre-development release 
rate for sites of five (5) acres or more and for sites with existing depression storage. The SCS 
TR-20 and SCS TR-55 models are accepted by the City for appropriate use in analysis of the 
runoff and routing of storm water. The use of these models or other approved procedures can 
be defined in an eight step procedure to determine the required storage volume of the detention 
basin. 

Step Procedure 

1. Calibrate the hydrologic/hydraulic model that is to be used for prediction of runoff and 
routing of storm water. 

2. Determine the critical storm duration. The critical duration storm for computer modeling 

3. 

4. 

5. 

shall be equal to or greater than the time of concentration for the watershed being modeled. 

Determine the ten (10) year, undeveloped peak flow. Denote this flow by Ou 10_ 

Determine the one hundred (100) year runoff hydrograph (Hd 100) for developed conditions. 

Determine the hydrograph that must be stored (Hs 100) by subtracting a flow up to Ou 10 

from the hydrograph (Hd 100) found in step 4. 

6. Determine the volume of water (V5 ) to be stored by calculating the area under the 

hydrograph Hs 100. 

7. The detention basin must be designed to store the largest volume (V 5) found for any storm 
duration analyzed in step 6. 

8. Approved routing techniques may be used to determine the final detention storage required. 

H. General Detention Basin Design Requirements 
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Basins shall be constructed to detain temporarily the storm water runoff which exceeds the 
maxii;num peak flow rate authorized by this Ordinance. The volume of such storage provided in 
these basins, together with such storage as may be authorized in other on-site facilities shall be 
sufficient to control excess runoff from the one hundred {100) year storm. 

The following design principles shall be observed: 

(1) The maximum volume of water stored and subsequently released at the design release 
rate shall not result in a storage duration in excess of 48 hours unless additional storms 
occur within the period. 

(2) The maximum planned depth of storm water stored {without a permanent pool) shall not 
exceed four feet. 

(3) All storm water detention facilities shall be separated by not less than 25 feet from any 
building or structure to be occupied. 

( 4) All excavated excess spoil may be spread so as to provide for aesthetic and recreational 
features such as sliding hills, sports fields, etc. Detention pond side slopes no steeper 
that 6 horizontal to 1 vertical for safety, erosion control, stability and ease of 
maintenance shall be permitted. 

(5) Safety screens having a maximum opening of 4 inches shall be provided for any pipe or 
opening to prevent children or large animals from crawling into the structures. 

(6) Danger signs shall be mounted at appropriate locations to warn of deep water, possible 
flooding conditions during storm periods and other dangers that exist. Fencing shall be 
provided if deemed necessary by the City. 

(7) Outlet control structures shall be designed to operate as simply as possible and shall 
require little or no maintenance and/or attention for proper operation. The shall limit 
discharges into existing or planned downstream channels or conduits so as not to 
exceed the predetermined maximum authorized peak flow rate. 

(8) Emergency overflow facilities such as a weir or spillway shall be provided for the release 
of exceptional storm runoffs or in emergency conditions should the normal discharge 
devices become totally or partially inoperative. The overflow facility shall be of such 
design that its operation is automatic and does not require manual attention. 

(9) Grass or other suitable vegetative cover shall be provided throughout the entire basin 
area. Grass should be cut regularly at approximately monthly intervals during the 
growing season or as required. 

(10) Debris and trash removal and other necessary maintenance shall be performed on a 
regular basis to assure continued operation in conformance to design. -,. 

(11) Hydraulic calculations shall be submitted to substantiate all design features. 

( 12) No residential lot or any parts thereof shall be used for the storage of water, either 
temporary or permanent, without approval of the City. 
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I. Dry Bottom Design Requirements 

Detention basins which will not contain a permanent pool of water shall comply with the 
following requirements: 

(1) Provisions shall be incorporated to facilitate complete interior drainage of dry bottom 
basins, to include the provisions of natural grades to outlet structures, longitudinal and 
transverse grades to perimeter drainage facilities, paved gutters, or the installation of 
subsurface drains. 

(2) The detention basin shall, whenever possible, be designed to serve a secondary or 
multipurpose function. Recreational facilities, aesthetic qualities {open spaces} or other 
types of use shall be considered in planning the detention facility. 

J. Wet Bottom Basin Design Requirements - \ 

Where a part of a detention basin will contain a permanent pool of water, all the items required 
for detention storage shall apply except that the system of drains without a positive gravity 
outlet required to maintain a dry bottom basin will not be required. A controlled positive outlet 
will be required to maintain the design water level in the wet bottom basin and provide required 
detention storage above the design water level. However, the following additional conditions 
shall apply: 

(1) Basins designed with permanent pools or containing permanent ponds shall have a 
water area of at least one-half acre. If fish are to be maintained in the pond, a minimum 
depth of approximately 10 feet shall be maintained over at least 25 percent of the pond 
area. The remaining pond area shall have no extensive shallow areas, except as 
required by subsection {3} below. 

(2) In excavated lakes the underwater side slopes in the lake shall be stable. In the case of 
valley storage, natural slopes may be considered to be stable. 

(3) A safety ledge four to six feet in width is required and must be_ installed in all ponds 
approximately 30 to 36 inches below the permanent water level. · In addition, a similar 
maintenance ledge 12 to 18 inches above the permanent water line shall be provided. 

( 4) A safety ramp exit from the pond is required in all cases and shall have a minimum 
width of 20 feet and exit slope of 6 horizontal to 1 vertical. The ramp shall be of a 
material that will prevent its deterioration due to vehicle use and/or wave action. 

(5) Periodic maintenance is required in ponds to control weed growth and larval growth. 
The pond shall also be designed to provide for the easy removal of sediment which will 
accumulate during periods of pond operation. A means of maintaining the designed 
water level of the pond during prolonged periods of dry weather is also required. 

(6) For emergency use, basin cleaning, or shoreline maintenance, facilities shall be 
provided or plan prepared for auxiliary equipment to permit emptying and drainage. 
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(7) Aeration facilities to prevent pond stagnation shall be provided, if required. Design 
calculations to substantiate the effectiveness of these aeratio,n facilities shall be 
submitted with final engineering plans. Agreements for the perpetual operation and 
maintenance of aeration facilities shall be prepared to the satisfaction of the City. 

(8) The perimeter of wet bottom detention basins, defined by the high water contour which 
represents the high water elevation, shall be a minimum horizontal distance of 1 O feet 
from high voltage electric lines. 

K. Roof Top Storage 

Detention storage requirements may be met in total or in part by detention on flat roofs. Details 
of such designs are to be included in the building permit application and shall include the depth 
and volume of storage, details of outlet devices and downdrains and elevations of emergency 
overflow provisions. 

L. Parking Lot Storage 

Paved parking lots may be designed to provide detention storage of storm waters on all or a 
portion of their surfaces. Depths of storage must be limited to a maximum depth of seven (7) 
inches so as to prevent damage to parked vehicles and so that access to parked vehicles is not 
impaired. Locate the deepest ponding zones at remote and least used portions of the parking 
lot. 

M. Facility Financial Responsibilities 

The construction cost of storm water detention systems and facilities as required by this 
Ordinance shall be part of the cost of land development. If general public use of the facility can 
be demonstrated, negotiations for public participation in the cost of such development may be 
considered. 

N. Facility Maintenance Responsibility 

Maintenance of detention/retention facilities during construction and thereafter shall be the 
responsibility of the land developer/owner. Assignment of responsibility for maintaining facilities 
serving more than one lot or holding shall be documented by appropriate covenants to property 
deeds, unless responsibility is formally accepted by a public body. This determination shall be 
made before the final drainage plans are approved. 

Storm water detention and retention basins may be donated to the City of Eagle Pass or other 
unit of government approved by the City, for ownership and permanent maintenance providing: 

(1) The City or other governmental unit is willing to accept responsibility. 
.,, 

(2) The facility has been designed and constructed according to all applicable provisions of 
this Ordinance. 
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(3) All improvements have been constructed, approved and accepted by the City for the 
land area served by tpe basin. 

(4) Retention ponds containing a permanent pool of water have all slopes between the 
permanent pool and high water line sodded and the remaining land area hydroseeded 
using a method approved by the City; are equipped with electrically driven aeration 
devices, if required to maintain proper aerobic conditions and sustain aquatic life; 
provide suitable access acceptable to the responsible government agency; and have the 
high water line not closer than 25 feet to any property line. 

(5) Dry detention ponds shall have all slopes, bottom of the basin and areas above the high 
water line hydroseeded; and shall have the high water line not closer than 25 feet to any 
development boundary. 

All public and privately owned detention storage facilities will be inspected by representatives of 
the City not less often than once every 2 years. A certified inspection rep_ort covering physical 
conditions, available storage capacity and operational condition of key facility elements will be 
provided to the owner. 

P. Corrective Measures 

If deficiencies are found by the inspector, the owner of the detention/retention facility will be 
required to take the necessary measures to correct such deficiencies. If the owner fails to do 
so, the City will undertake the work and collect from the owner using lien rights, if necessary. 

Q. Joint Development of Control Systems 

Storm water control systems may be planned and constructed jointly by two or more 
developers as long as compliance with this Ordinance is maintained. Developers are 
encouraged to plan and construct these systems on a joint or regional basis. 

R. Installation of Control Systems 

Runoff and erosion control systems shall be installed as soon as possibl.e during the course of 
site development. Detention/retention basins shall be designed with an additional 6 (six) 
percent of available capacity to allow for sediment accumulation resulting from development 
and to permit the pond to function for reasonable periods between cleanings. Basins should be 
designed to collect sediment and debris in specific locations so that removal cost are kept to a 
minimum. The City will require temporary and permanent erosion control plans to be submitted 
as a part of the construction plans. 

S. Detention Facilities in Flood Plains 

If detention storage is provided within a flood plain, only the net increase in storage volume 
above that which naturally existed on the flood plain shall be credited to the development. No 
credit will be granted for volumes below the elevation of the regulatory flood at the location 
unless compensatory storage is also provided. 

T. Off site Drainage Provision 
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When the allowable runoff is released in an area that is susceptible to flooding, the developer 
may be required to construct appropriate storm drains through such area to avert increased 
flood hazard caused by the concentration of allowable runoff at one point instead of the natural 
overland distribution. The requirement of off-site drains shall be at the discretion of the City. 

U. Erosion Control 

Erosion control plans shall be submitted as part of the construction plans and specifications and 
shall include the following: 

(1) A complete copy of the Erosion and Sediment Control Plan filed with the City. The 
Texas Department of Transportation Guidelines for Erosion Control may be used as a 
reference guide in developing the erosion control plan. 

(2) Temporary erosion control measures necessary during the initial construction and 
establishment phases up to final site grading and seeding. 

(3) A permanent erosion control plan of all the graded and non-hard surface areas within 
the proposed development, as planned for completion, up to and including seeding of 
the final lot on which business or residential dwellings are to be placed. 

(4) Details concerning removal of temporary erosion control devices after the initial 
establishment of adequate vegetative cover. 

(5) Maintenance procedures, as part of the continuing plan, to keep all of the land under 
adequate cover and erosion at an acceptable minimum. 

16. Certifications Required 

After completion of the project and before final approval and acceptance can be made, a 
professionally prepared and certified "As Built" set of plans shall be submitted to the City for 
review. These plans shall include all pertinent data relevant to the completed storm drainage 
system and shall include: 

(1) Pipe size and pipe material. 

(2) Invert elevations. 

(3) Top rim elevations. 

(4) Lengths of all pipe structures. 

(5) Data and calculations showing detention basin storage volume. 

(6) Certified statement on plans stating the completed storm drainage system substantially 
complies with construction plans as approved by the City. 
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All such submitted plans shall be reviewed for compliance within 30 days after submission to 
the City or Engineer. If notice of non-compliance is not given within 30 days of submission of 
the plans, the plans shall be construed as approved and accepted. 

17. Changes in Plan 

Any revision to, and/or significant change or deviation from the detailed plans and specifications 
after formal approval by the City shall be filed in duplicate with and approved by the City prior to 
implementation of the revision or change. Copies of the revisions or changes, if approved, shall 
be attached to the original plans and specifications. 

18. Determination of Impact Drainage Areas 

The City is authorized, but is not required to classify certain geographical areas as Impact 
Drainage Areas and to enact and promulgate regulations which are generally applied. In 
determining Impact Drainage Areas, the City shall consider such factors as topography, soil 
type, capacity of existing regulated drains and distance from adequate drainage facility. The 
following areas shall be designated as Impact Drainage Areas, unless good reason for not 
including them is presented to the City: 

A. A floodway or flood plain as designated by FEMA. 

8. Land within 75 feet of each bank of any regulated drain. 

C. Land subject to flooding and/or areas that have previously exhibited drainage 
deficiencies. 

Land where there is not adequate outlet, taking into consideration the capacity and depth of the 
outlet, may be designated as an Impact Drainage Area by resolution of the City. Special 
requirements for development within any Impact Drainage Area shall be included in the 
resolution. 

19. Other Requirements 

A. Sump Pumps 

Sump pumps installed to receive and discharge groundwaters or other storm waters shall be 
connected to the storm sewer where possible or discharged into a designated storm drainage 
channel. Sump pumps installed to receive and discharge floor drain flow or other sanitary 
sewage shall be connected to the sanitary sewers. A sump pump shall be used for one 
function only, either the discharge of storm waters or the discharge of sanitary sewage. 

B. Down Spouts 

All down spouts or roof drains shall discharge onto the ground or be connected to the storm 
sewer. No down spouts or roof drains shall be connected to the sanitary sewer. 
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C. Footing Drains 

Footing drains shall be connected to storm sewers where possible or designated storm 
drainage channels. No footing drains shall be connected to the sanitary sewer. 

20. Regional Drainage Plans 

The City may establish a regional drainage plan or Interim Regional Drainage Plan which 
controls drainage requirements within a specified drainage area. 

A. Regional Drainage Plan or Interim Drainage Plan shall specify: 

1. A description of the region; 
2. The basis for the region having a Regional Drainage Plan; 
3. Potential areas of ground water discharge and recharge; 
4. What modifications or waivers of this Ordinance apply in the region;-and 
5. What additional drainage or drainage plan requirements, beyond those in this 

Ordinance, apply in the region. 

B. A Regional Drainage Plan or Interim Drainage Plan may provide: 

1. For regional detention and/or storage of storm water; 
2. For design or performance standards to ensure water quality; 
3. For design requirements to ensure compatibility with the plan for regional detention and 

storage; and 
4. For a charge, in land or dollars, based upon the size and nature of the development, for 

the use of regional storm water detention and/or storage facilities for new development. 

21. Disclaimer of Liability 

The degree of protection required by this Ordinance is considered reasonable for regulatory 
purposes and is based on historical records engineering and specific methods of study. Larger 
storms may occur or storm water runoff depths may be increased by -man-made or natural 
causes. This Ordinance does not imply that land uses permitted will be free from storm water 
damage. This Ordinance shall not create liability on the part of the City of Eagle Pass or any 
officer or employee thereof for any damage which may result from reliance on this Ordinance or 
on any administrative decision lawfully made thereunder. 

22. Corrective Action 

Nothing herein contained shall prevent the City of Eagle Pass from taking such lawful action as 
may be necessary to prevent or remedy any violation. All costs connected therewith shall 

• -#, 

accrue to the person or persons responsible. 

23. Repealer 
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All ordinances or parts thereof in conflict with the provisions of this Ordinance are repealed. 

24. When Effective 

This Ordinance shall become effective after its final passage, approval and publication as 
required by law. 

25. Exempt Projects 

Any residential, commercial or industrial subdivision (major or minor) or construction project 
thereon, which has had its drainage plan approved by the City prior to the effective date of this 
Ordinance shall be exempt from all of the requirements of this Ordinance. 
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Appendix - Tables and Figures 

Table 1 - Runoff Coefficients 

Tvoe of DrainaQe Area Runoff Coefficient, C 

Lawns: 
Sandy Soil, flat, less than 2% 0.05-0.10 
Sandy Soil, average, 2-7% 0.10-0.15 
Sandv Soil, steep, oreater than 7% 0.15-0.20 

Lawns: 
Clay Soil, flat, less than 2% 0.13-0.17 
Clay Soil, average, 2-7% 0.18-0.22 
Clav Soil, steep, oreater than 7% 0.25-0.35 

Business: 
Downtown areas 0.70-0.95 
Neighborhood areas 0.50-0.70 

Residential: 
Single-family areas 0.30-0.60 
Multi-family, detached 0.40-0.80 
Multi-family, attached 0.60-0.90 

Industrial: 
Light areas 0.50-0.80 
Heawareas 0.60-0.90 

Parks, cemeteries 0.10-0.40 
Playqrounds 020-0.35 
Railroad yard areas 0.20-0.40 
Unimproved areas 0.10-0.30 
Streets: 

Asphaltic 0.70-0.95 
Concrete 0.80-0.95 
Brick 0.70-0.85 

Drives and walks 0.75-0.85 
Roofs 0.75-0.95 

Note: 

E-33 

1. These runoff coefficients were taken from, "Handbook of Applied Hydrology'' by Ven 
Te Chow, 1964, McGraw-Hill, Chapter 14, Runoff, p. 14-8. 

2. The coefficients of this tabulation are applicable to storms up to a 10-year frequency. 
3. Coefficients for less frequent higher intensity storms shall be modified as follows: 

Return Period (yrs) 

25 
50 
100 

Multiply "C" by 

1 .1 
1.2 

1.25 



Zone 
Designation 

AG 

SF or RE 
D 

A-1 
A-2 
A-3 
PD 
0 

GR 
ss 
MU 

CBD 
LC 
C 
I 

FP 
H 

R/PC 
* 
* 
* 
* 
* 

Note: 
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Table 2 - Runoff Coefficients by Land Use and 
Maximum recommended Inlet Times 

Name Runoff Coefficient Max. Recommended 
lnletTime 
(minutes) 

Agricultural, 1 ac, 2000 SF Variable 15 
home 
Single Family Residential 0.60 15 
Duplex 0.60 15 
Multifamily, 12 units/acre 0.80 10 
Multifamily, 18 units/acre 0.85 - 10 
Multifamily, 24 units/acre 0.90 10 
Planned Development Variable 10 
Office 0.85 10 
General Retail 0.85 10 
Service Station 0.95 10 
Mixed Use Variable 10 
Central Business District 0.90 10 
Light Commercial 0.90 10 
Commercial 0.90 10 
Industrial 0.90 10 
Flood Plain 1.00 10 
Historical Landmark 0.40 15 
Restaurant/Private Club 0.90 10 
Parking Lots 1.00 10 
Church 0.90 Varies 10 
School 0.75 Varies 15 
Park 0.40 Varies 15 
Road & Interstate Hwy. 0.90 10 

1. (*) = Indicates non-zoned useage 
2. The coefficients of this tabulation are applicable to storms up to a 10-year frequency. 
3. Coefficients for less frequent higher intensity storms shall be modified as follows: 

Return Period (yrs) 

25 
50 
100 

Multiply "C" by 

1.1 
1.2 
1.25 
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Table 3 -Typical Values of Manning's n 
t 

Boundary Manning roughness, n, tt116 

Very smooth surfaces such as glass, plastic, or brass 0.010 

Very smooth concrete and planed timber 0.011 
Smooth concrete 0.012 
Ordinarv concrete linina 0.013 
Good wood 0.014 
Vitrified Clay 0.015 
Shot concrete, untroweled, and earth channels in best 0.017 
condition 
Straight unlined earth channels in aood condition 0.020 
Rivers and earth channels in fair condition - some 0.025 
arowth -

Winding natural streams and channels in poor condition 0.035 
- considerable moss growth 
Mountain streams with rocky beds and rivers with 0.040-0.050 
variable sections and some vegetation along banks 
Alluvial channels, sand beds, no vegetation 

1. Lower regime 
Ripples 
Dunes 0.017-0.028 

2. Washed-out dunes or transition 0.018-0.035 
3. Upper regime 0.014-0.024 

Plane bed 
Standing waves 0.011-0.015 
Antidunes 0.012-0.016 

0.012-0.020 

Note: 
1. Values taken from "Handbook of Applied Hydrology" by Ven Te Chow, 1964, 
McGraw-Hill publishers, Chapter 7, p. 7-25. 
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Table 4 - Maximum Permissible Velocities for Channels Lined With Grass 

Cover Slope, Range, * Permissible Velocity, fps 
Bermuda Grass 0-5 6 

5-10 5 
>10 4 

Buffalo Grass, Kentucky bluegrass, 0-5 5 
smooth brome, blue grama 5-10 4 

>10 3 
Grass mixture 0-5 4 

5 3 
Do not use on slopes steeper than 10%. 5-10 
Lespedeza sericea, weeping love grass, 0-5 2.5 
ischaemum (yellow blue stem), kudzu, 
alfalfa, crabgrass 

Do not use on slopes steeper than 5%, 
except for side slopes in a combination 
channel. 
Annuals - used on mild slopes or as 0-5 2.5 
temporary protection until permanant 
covers are established, common 
lespedeza Sudan grass 

Use on slopes steeper than 5% is not 
recommended. 

Remarks: The values apply to average, uniform stands of each type of cover. Use 
velocities exceeding 5 fps only where good covers and proper maintenance can be 
obtained. Based on past experience, all soils within the city of Eagle Pass have been 
found to be easily eroded soils. 

* longitudinal bed slopes of the channel bottom. 
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Table 5 - Rainfall Depths for Various Return Periods and Storm Durations 

Duration Return Period ears 
(min.) 1 2 5 10 

5 0.47 0.56 0.62 
10 0.78 0.93 1.03 
15 1.00 1.19 1.32 
30 1.41 1.76 2.02 
60 1.83 2.37 2.74 
120 
180 
360 
720 
1440 

□Values taken from HYDRO-35 for 
shorter duration storms , 

-

Values taken from TP-40 for 
longer duration storms. 

25 50 100 
0.71 0.79 0.86 
1.19 1.32 1.44 
1.52 1.68 1.84 
2.38 2.66 2.94 
3.27 3.67 4.08 

Table 5A - Rainfall Intensities for Various Return Periods and Storm Durations 

Duration Return Period 
(min.) 1 2 5 10 

5 0.00 5.64 6.67 7.43 
10 0.00 4.70 5.56 6.20 
15 0.00 4.00 4.74 5.29 
30 0.00 2.81 3.53 4.03 
60 0.00 1.83 2.37 2.74 
120 
180 
360 
720 
1440 

□Values taken from HYDRO-35 for 
shorter duration storms 

-

Values taken from TP-40 for 
longer duration storms. 

ears 
25 50 100 

8.56 _ 9.44 10.32 
7.15 7.89 8.63 
6.10 6.73 7.36 
4.75 5.32 5.88 
3.27 3.67 4.08 
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Slope 

.0010 

.0015 
.. 0020 
.0025 
.0030 
.0035 
.0040 
.0045 
.0050 
.0055 
.0060 
.0065 
.0070 
.0075 
.0080 
.0085 
.0090 
.0095 
.0100 
.0150 
.0200 
.0250 
.0300 
.0350 
.0400 
.0450 
.0500 
.0550 
.0600 
.0650 
.0700 
.0750 
.0800 
.0850 
.0900 
.0950 
.1000 

TABLE 6 - STORM DRAINAGE 

Street velocities and capacities 
• Flowing curb full 

Manning's N=0.018 

CROWN-SECTION 

MINOR STREET COLLECTOR MARGINAL 
STREET ACCESS STREET 

W=30' W=42' W=24' 

e=4• wp=31.01 e=5• wp=43.01 0=3" wp=25.01 
A=10 r2/3=.47 A=12.25 r2/3=.43 A=9.00 r2/3=.51 
Vf/s Qcfs Vf/s Qcfs Vf/s Ocfs 

1.22 12.28 1.13 13.84 1.32 11.89 
1.50 15.04 1.38 16.96 1.61 14.56 
1.73 17.36 1.59 19.58 1.86 16.81 
1.94 19.42 1.78 21.89 2.08 18.80 
2.12 21.27 1.95 23.98 2.28 20.59 
2.29 22.97 2.11 25.90 2.47 22.24 
2.45 24.56 2.26 27.69 2.64 23.78 · 
2.60 26.05 2.39 29.37 2.80 25.22 
2.74 27.46 2.52 30.96 2.95 26.59 
2.87 28.80 2.65 32.47 3.09 27.89 
3.00 30.08 2.76 33.92 3.23 29.13 
3.13 31.31 2.88 35.30 3.36 30.32 
3.24 32.49 2.99 36.64 3.49 31.46 
3.36 33.63 3.09 37.92 3.61 32.57 
3.47 34.73 3.19 39.17 3.73 33.63 
3.58 35.80 3.29 40.37 3.85 34.67 
3.68 36.84 3.39 41.54 3.96 35.67. 
3.78 37.85 3.48 42.68 4.07 36.65 
3.88 38.84 3.57 43.79 4.17 37.60 
4.75 47.56 4.37 53.63 5.11 46.06 
5.49 54.92 5.05 61.93 5.90 53.18 
6.13 61.41 5.65 69.24 6.60 59.46 
6.72 67.27 6.19 75.85 7.23 65.14 
7.26 72.66 6.68 81.93 7.81 70.35 
7.76 77.68 7.14 87.58 8.35 75.21 
8.23 82.39 7.58 92.90 8.86 79.77 
8.68 86.84 7.99 97.92 9.34 84.09 
9.10 91.08 8.38 102.70 9.79 88.20 
9.51 95.13 8.75 107.27 10.23 92.21 
9.89 99.02 9.11 111.65 10.65 95.88 
10.27 102.76 9.45 115.86 11.05 99.50 
10.63 106.36 9.78 119.93 11.44 102.99 
10.98 109.85 10.10 123.86 11.81 106.37 
11.32 113.23 10.42 127.68 12.18 109.64 
11.64 ·116.52 10.72 131.38 12;53 .. lt2.82 
11.96 119.71 11.01 134.98 12.87 115.91 
12.27 122.82 11.30 138.48 13.21 118.92 
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CROSS-SLOPE 

ARTERIAL STREET 
1-SIDE 

w-24' 

e=6" wp=24.51 
A=6.00 r2/3-.39 
Vf/S Qcfs 

1.02 6.13 
1.25 7.51 
1.44 8.67 
1.61 9.69 
1.77 10.62 
1.91 11.47 
2.04 12.26 
2.16 13.00 
2.28 13.71 
2.39 14.38 
2.50 15.02 
2.60 15.63 
2.70 16.22 
2.79 16.79 
2.89 17.34 
2.97 17.87 
3.06 18.39 
3.14 18.90 
3.23 19.39 
3.95 23.75 
4.57 27.42 
5.10 30.66 
5.59 33.59 
6.04 36.28 
6.46 38.78 
6.85 41.13 
7.22 43.36 
7.57 45.48 .,. 
7.91 47.50 
8.23 49.44 
8.54 51.30 
8.84 53.11 
9.14 54.85 
9.42 56.54 
9.69 58.17 
9.96 59.77 
10.21 61.32 
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Appendix - Tables and Figures 

Figure 2 - Average Channel Velocities used to 
Calculate Time of Concentration 
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